Endogenous opioid peptides subserve a wide range of physiological adaptations to stress. Prominent among these functions are inhibition of reproduction (1), modulation of the hypothalamic-pituitary-adrenal (HPA) axis (2), and maintenance of homeostasis in response to autonomic challenge (3). Opioids, together with neurotransmitters in parallel nonopioid neural circuits, also mediate stress-induced analgesia (4). The existence of an intrinsic pain-inhibition system was first demonstrated by the induction of analgesia by electrical stimulation in periventricular, periaqueductal, and medial brainstem loci (5, 6). A possible opioid mechanism for central pain modulation was suggested by the ability of opioid antagonists to block (7) (19)(20)(21). Of the three classes of opioids, 3-endorphin is particularly noteworthy because of its high potency and a nearly one-to-one correspondence between sites supporting electrical stimulation-produced analgesia and high concentrations of endorphinergic fibers in the human brain (22).
Endogenous opioid peptides subserve a wide range of physiological adaptations to stress. Prominent among these functions are inhibition of reproduction (1) , modulation of the hypothalamic-pituitary-adrenal (HPA) axis (2) , and maintenance of homeostasis in response to autonomic challenge (3) . Opioids, together with neurotransmitters in parallel nonopioid neural circuits, also mediate stress-induced analgesia (4) . The existence of an intrinsic pain-inhibition system was first demonstrated by the induction of analgesia by electrical stimulation in periventricular, periaqueductal, and medial brainstem loci (5, 6) . A possible opioid mechanism for central pain modulation was suggested by the ability of opioid antagonists to block (7) and opiate microinjection into the stimulation-sensitive locations to mimic (8) the analgesic effect of electrical stimulation. Structural components of the descending endogenous analgesia system include the periaqueductal central gray, raphe nuclei of the medulla, and substantia gelatinosa of the spinal cord. Each of these neuroanatomic areas is densely innervated by opioidergic neurons and contains a large number of specific opiate receptor binding sites (9, 10) .
In rodents, "natural" environmental stressors including physical attacks by predative or conspecific aggressors and exposure to new situations can produce analgesic states (11) (12) (13) via activation of endogenous pain-inhibition mechanisms. For quantitative laboratory experiments, however, artificial stressors that can be applied uniformly to large numbers of subjects have been used, including forced swim, foot shock, and restraint (14) . Parametric analyses have demonstrated repeatedly that the relative degree of opioid vs. nonopioid analgesia, assessed by opioid antagonist blockade and/or cross tolerance to the effects of exogenously applied opiates, is highly dependent on the severity of the stress (15) (16) (17) and both
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the species and strain of rodent (18) . The (24) (25) (26) .
Immunohistochemistry. Immunohistochemistry was performed using free-floating 50-uim Vibratome sections and the Vectastain ABC immunoperoxidase method (Vector Laboratories) on brains obtained after perfusion fixation with buffered 4% paraformaldehyde as described (27) . The specificities of the rabbit primary antisera were determined by RIA as described above. Antisera were used at a final dilution of 1:500 (anti-ACTH "Henri"/anti-j3-endorphin "Nora"). The chromagen was diaminobenzidine and sections were counterstained with methyl green.
Analgesia Assays. The abdominal constriction assay was performed as described (28 In situ hybridization using an exon 2 oligonucleotide probe as described previously (30) showed normal distribution and levels of POMC mRNA in the hypothalamus and pituitary of homozygous mice (data not shown). This finding suggests that the point mutation in exon 3 and the inclusion of the phosphoglycerate kinase-neo cassette downstream of the POMC transcriptional unit had no effect on expression of the mutant POMC allele. Total levels of 3-endorphin-and 3-MSH-like immunoreactivity were measured in extracts of hypothalamus and pituitary from sibling matched wild-type, heterozygous, and homozygous POMCX*4 mice (Table 1) . Heterozygotes had '50% of the P-endorphin content in each tissue compared with wild-type, suggesting that the two POMC alleles have equal transcriptional activity and that no upregulation of the normal allele occurred in response to the loss of 3-endorphin expression from the mutant allele. Homozygous mice had no detectable /3-endorphin in hypothalamus or pituitary. There was no difference in P-MSH content among the three genotypes confirming that the truncated POMC prohormone was translated normally from the mutated allele.
Immunohistochemistry of serial brain sections from wildtype mice showed that the distribution of ACTH-and 3-endorphin-like immunoreactivity was identical in cell bodies within the arcuate nucleus of the hypothalamus (Fig. 2 A and B) and throughout the extensive fiber projections to the forebrain, midbrain, and hindbrain (data not shown). Homozygous mice retained the same set of POMC-expressing neurons and fiber projections revealed by the ACTH antisera ( Fig. 2C ) but had no detectable /-endorphin (Fig. 2D) (Fig. 3 ). There were no differences in the regression curves and ED50 between wild-type and homozygous POMCX*4 mice. Naloxone (5 mg/kg) completely blocked the analgesia produced by morphine (32 mg/kg) in both groups on the hot-plate test. These data suggest that analgesic Lu-opiate receptor systems are intact in the mutant mice and are neither upregulated nor desensitized by the lack of endogenous 3-endorphin. This finding may not be surprising in light of the dissociation of supraspinal mechanisms underlying morphine and 3-endorphin analgesia (31). Since P-endorphin shows good affinity to 6-as well as C-opiate receptors (21), it remains possible that 8-receptor analgesia has been altered in these mice.
A parametric analysis of swim stress-induced analgesia was performed to determine the optimum conditions for detection of the opioid component of stress-induced analgesia in the hybrid genetic background of mice used in our study (Fig. 4) Therefore, to characterize further the endogenous analgesia induced by a mild swim stress, we used the abdominal constriction assay. As demonstrated above (Fig. 3) (8, 12, 16, or 32 mg/kg, s.c.), and retested 20 min later. Percent analgesia was calculated as: [(post-drug latency -baseline latency)/(60 -baseline latency)] x 100. The acute effect of morphine (32 mg/kg, s.c.) was antagonized in both groups by administration of naloxone (NAL; 5 mg/kg, i.p.) 10 min after morphine injection. Linear regression analyses of each data set produced significant r2 values ranging from 0.87 to 0.98. There were no significant differences in regression slopes or ED5os (n = 10-12 per group). Remarkably, no obvious changes in endocrine function have been documented in the 3-endorphin-deficient mice despite the large experimental data base concerning opiate effects in the hypothalamus (1) (2) (3) . While it is possible that 3-endorphin in fact plays no role in the regulation of the HPA and hypothalamic-pituitary-gonadal axes, a more likely explanation in light of our analgesia studies is that subtle compensatory mechanisms have appeared to maintain normal functioning of these critical neuroendocrine systems. 
